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Tornadoes are one of the most frequent and destructive disasters in the United 
States. Like other environmental calamities, tornadoes too act as push factors for 
migration. The objectives of this study are to define tornado hot spots in the US, to 
analyze migration effectiveness in the tornado hot spots and non-hot spots, and to explore 
how tornado and other socio-economic factors influence migration decision. Both 
quantitative and qualitative methods were used. Internal revenue service migration data, 
SPC tornado data, and Census Bureau data were used in the study. The results indicate 
that there are significant differences between migration patterns in the tornado hot spots 
and rest of the country: tornado hot spots are losing population to other regions. The 
results also indicated that along with the traditional socio-economic push and pull factors 
of migration, tornado occurrences also influenced people’s migration decision in the 
United States.  
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United States has a fascinating history of internal migration. During 1910s to 
1970s, about nine million Black southerners headed to the north trying to escape from 
slavery, and searching for job opportunities (Brown and Cromartie 2006). The Great 
Migration peaked in 1950s. Since 1950s the South began to experience an increased in-
migration, which continues even today. Migration flow data demonstrate the high spatial 
volatility in 80s (McHugh and Gober 1992). During 1994-1995, most counties were 
gaining population and incomes resulted from outmigration from metropolitan cities 
(Manson and Groop 2000). Newbold (1997) discovered that the migration stream to the 
South and the Southwest and movement out of the Northeast and the Midwest were 
stronger among Black migrants. In recent years, the Black Belt, an intensive agricultural 
area with higher rate of Black population in the South, has gained population from cities 
from other part of the country (Ambinakudige et al. 2012). On the contrary, large 
metropolitan areas such as New York, Las Angeles and Chicago are losing population as 
well as income to suburban areas (Ambinakudige and Parisi 2010). According to 
Ambinakudige and Parisi (2010), United States is experiencing population dispersion, 
with people migrating from metropolis to counties adjacent to big cities, and migrating 
from all regions to the South. 
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Various reasons can affect people’s migration. Black et al. (2011) conceptualized 
the ‘push-pull’ factors of migration. These factors can be grouped into five categories 
such as economic, social, demographic, environmental and political factors. They all play 
important roles in people’s decision to migrate. Natural calamities, as a push factor, are 
one of the factors with most influence on migration decision. Tornadoes, hurricanes etc. 
are some of the major natural calamities in the US and elsewhere that influence people’s 
decision to migrate. 
Natural Calamities and Migration 
Literature shows that environmental factors play an important role in shaping 
migration decisions, particularly among those most vulnerable (Hunter 2005; Marino 
2012). Calamity-affected migration may results from displacement after natural disasters, 
or from people’s willingness to avoid natural disasters. Natural calamities include severe 
winter or summer weather, hail, drought, tornadoes, earthquakes and flooding (Shumway 
et al. 2014). Exposure and lack of adaptive capacity will both lead to migration out from 
places with higher risks of hazards (Shumway et al. 2014). Desertification and drought in 
Africa have generated seasonal and circular migration during extended periods of 
drought, and loss of agricultural production, livelihood and livestock because of 
environmental difficulties (Bonneau 2013; Pearson and Niaufre 2013). Wind, rainfall and 
tropical storms exacerbate the vulnerability of Honduras, driving about 3,400 people 
away (Wrathall 2014). When hurricane Katrina hit New Orleans in 2005 nearly one 
million people migrated in short term. Four years later, the population of the city of New 
Orleans was still less than eighty percent of pre-Katrina population (Gutmann and Field 
2010). These studies indicate that the environmental calamities such as hurricanes and 
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tornadoes are important natural factors that drive migrations. In this study tornado 
induced internal migration will be analyzed. 
Tornadoes 
Among all natural calamities in the US, tornadoes are known for high frequency 
and destructiveness. Annually, more than 1200 tornadoes occur in the United States. A 
tornado can be defined as a usually visible funnel cloud that is violently rotating and 
contacting the ground and the cloud base (SPC 2014). Tornadoes are often rated by Fujita 
Scale, which categorizes tornadoes by intensity and area (SPC 2014). The Fujita Scale 
was introduced by Dr. T Theodore Fujita in 1971. According to Fujita, tornadoes are 
divided based on wind speed into F0 (gale, 40-73 mph), F1 (weak, 74-112 mph), F2 
(strong, 113-157 mph), F3 (sever, 158-206 mph), F4 (Devastating, 207-260 mph) and F5 
(incredible, 261-318 mph). The wind speed is estimated by damages. (SPC 2011). After 
2007, the Enhanced Fujita Scale was introduced to take the place of Fujita Scale. The 
Enhanced Fujita Scale has a better damage examination and a better estimation of wind 
speed based on the damages. Still six main categories of tornadoes are listed, including 
EF0 (65-85 mph), EF1 (86-110 mph), EF2 (111-135 mph), EF3 (136-165 mph), EF4 
(166-200 mph), EF5 (>200 mph) (SPC 2014). According to SPC there were 57,150 
tornadoes recorded in the US from 1950 to 2013.  
Tornadoes are one of the most intimidating weather phenomena in the United 
States. The United States receives more than 1,200 tornadoes annually, which is four 
times the amount seen in Europe (SPC 2014). Although no part of United States is totally 
immune to tornadoes, there are certain areas that bear higher tornado risk than other parts 
of the country. “Tornado Alley”, a region in the Great Plains extending from northern 
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Texas to Iowa, is more prone to tornadoes (Coleman and Dixon 2014). Among all regions 
of Tornado Alley, the Southeast and the Great Plains have most significant impacts from 
tornadoes, which are more prone to cause casualties.  
Tornado Alley has witnessed some of the deadliest tornadoes in the history killing 
hundreds of people and damaging millions of dollars’ worth of properties. The year 2011 
has witnessed an extraordinary outbreak of tornadoes all over the United States. Nearly 
1,700 tornadoes were generated (Fuhrmann et al. 2013) killing 338 persons in five 
different states, including Alabama, Arkansas, Georgia, Mississippi and Tennessee, and 
533 fatalities were estimated as tornado-related (Fuhrmann et al. 2013). During the 
tornado outbreak of 2011, the town of Joplin, MO was devastated by an EF5 tornado 
(Fuhrmann et al. 2013). Tuscaloosa, AL was also partially devastated in the tornado 
outbreak of 2011. Sixteen people were killed by the EF-5 tornado in Smithville, 
Mississippi, making nearly 2 percent of the population (Sherman-Morris and Brown 
2012). In 2013, an EF-5 tornado devastated Moore, Oklahoma, killing 23 people, most of 
whom are Hispanics (Wang 2014). On April 27-28, 2014, Mississippi, and Arkansas 
were affected by more than 25 tornadoes causing tremendous loss in the region. 
Migration literature identifies socio-economic reasons, natural calamities and 
manmade disasters as the main causes of people’s decision to migrate. Within the US, 
although internal migration patterns were also shaped mainly by socio-economic factors, 
natural disasters such as hurricanes, and tornadoes have forced people to migrate at least 
temporarily to other locations.  However, there is a glaring gap in the literature that links 
people’s long term migration decision and tornado intensities. Especially, with growing 
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population in the south, which is also more prone to have tornadoes, it is imperative to 
study how migration patterns are affected by tornadoes.  
Study objectives 
The specific objectives of this study are: 
1. To delineate tornado hot spots in the US. 
2. To analyze the internal migration patterns in Tornado hot spots and in the rest of 
the United States.  
3. To analyze the role of tornadoes along with socioeconomic factors in people’s 
decision to migrate in and out of tornado hot spots. 
Null hypotheses: 
1. There is no significant difference between migration patterns in the tornado hot 
spots and the rest of the country. 
2. Tornadoes intensity has no significant influence on people’s migration decisions. 
Study Area 
Tornado data for the entire 48 lower states in the United States will be used to 
define the tornado hot spot. Traditionally, a part of the region in the Great Plains 
extending from northern Texas to Iowa has been defined as a Tornado Alley based 
mainly on tornado numbers, tornado length and tornado days per year (Coleman and 
Dixon 2014). Coleman and Dixon (2014) used tornado path length as basis for marking 
Tornado Alley, and have shown that tornadoes are more clustered in the Great Plains, and 
the Southeast. The Great Plains includes Texas, Oklahoma, Kansas, Nebraska, and Iowa. 
The Southeast includes Louisiana, Arkansas, Tennessee, Mississippi and Alabama. Areas 
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with plenty of tornado outbreaks can also be divided into the Midwest, the Northern 
Plains, the Southern Plains, the Northeast and the Southeast (Fuhrmann et al 2013).  
In this study, to analyze the relation between migration decisions and tornado 
intensity a well-defined geographical region is required as most migration data are 
collected at a particular geographic unit such as census block, tract, county or a state. 
However, tornadoes which are a natural phenomenon are not restricted by a geographic 
boundary. Therefore, by overlaying tornado data over county boundaries and using 
spatial analytical tools this study will identify tornado hot spot counties in the US. The 
study will tornado path length to define the tornado hot spot as Coleman and Dixon 
(2014) suggest that the tornado length is more proportional to the areas impacted by 
tornadoes than tornado numbers or tornado days. Migration data from the Internal 
Revenue Service and the Census Bureau will be then used to analyze migration pattern in 
these tornado hot spots. In addition to traditional push and pull factors of migration such 
as age, gender, race, education level, employment situation, poverty, incomes, and 
housing, this study will include tornado data in a multivariate analysis to identify 
significant factors influencing migration patterns in the study region. A qualitative 
research method was used to analyze the factors that influenced people’s decision 
whether or not to migrate from a tornado affected city of Smithville, MS. A field visit 
was conducted to Smithville, Mississippi to interview people affected by tornado in 2011, 
and to explore how tornadoes and other factors influenced their decision on short term, 






This chapter provides insight in to previous studies on migration theories, and 
specific studies concerning migration decisions affected by environmental factors. 
Method and data used in previous studies are discussed in this chapter. 
Drivers of Migration 
Study of human migration is one of the major research areas in the discipline of 
geography. Human history is interwoven with human migration history. Motives for 
migrating can be various. Black et al. (2011) conceptualized the ‘push-pull’ factors of 
migration and divided drivers of migration into five major categories: economic drivers, 
political drivers, demographic drivers, social driver and environmental drivers. Among 
these drivers, economic drivers are most powerful. For example, internal migrations to 
mega cities in China are mostly driven by the fast economic development and gap 
between the developed and developing areas (Chen et al. 2013). Similarly, in the US, 
more than 9 million Southerners left the South for job opportunities in the North and 
West in the 1950s and 1960s (Brown and Cromartie 2006). Economic opportunities are 
also one of the most important reasons for Black southerners to come back to the South in 
recent decades (Ambinakudige et al. 2012).  
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Political drivers are less common now than during the last century, however, tyranny 
is still playing a big part in pushing people migrating to other places. For example, in 
North Korea, hundreds of thousands of children and their parents starve to death and 
there is no genuine freedom of speech, religion, or assembly (United States Congress 
House Committee on International Relations 2006). In North Korea, high political 
pressure makes another reason for migration other than poverty. The recent political 
turmoil in many parts of Africa and Middle East has significantly increased political 
refugees in the world.  
Demographic drivers are demographic factors such as age, gender, and race. They 
tend to cooperate with other drivers. Usually young people are more prone to move for 
education or job opportunities, while the older are more reluctant to move. Age plays an 
important role in people’s moving decision, as well as other socioeconomic factors. In 
Greensburg, Kansas, most adolescents out-migrate after completing high school, leaving 
a dramatically skewed population distribution (Smith and Cartlidge 2011).  
Social drivers also influence people’s migration decisions. Take African American 
reverse migration from the North to the South in 1970s for example, among others,  home 
place attachment and less racial segregation drive them returning to the South 
(Ambinakudige et al. 2012). Similarly, gay men choose to move to big cities to pursue 
social and romantic contacts and institutions that might facilitate coming out or meeting 
others (Lewis 2014).  
Similarly, environmental drivers also act in response to both long-term climate 
changes and short-term disasters. For example, in 2005 Katrina drove away more than 
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million people from the New Orleans for short-term evacuation. In the long run 
population of the city of New Orleans reduced significantly (Gutmann and Field 2010) 
Environment-affected Migration 
To illustrate how environment has both impeded and assisted the forces of 
migration, Gutmann and Field (2010) enumerate four types of environmental influence 
on migration in the U.S., which can be divided into two main categories: environmental 
calamities and hardships, and environmental amenities. South Florida has gained a big 
population, especially the aged for its amenities (Ambinakudige and Parisi 2010). 
Australia attracts more and more migrants as it has agriculture-friendly amenities (Argent 
et al. 2014). Environmental hardships like desertification and drought in Africa have 
generated seasonal and circular migration during extended periods of drought, and loss of 
agricultural production, livelihood and livestock because of environmental difficulties 
drives people permanent migrate (Bonneau 2013; Pearson & Niaufre 2013). Extreme 
environmental events such as floods, tsunamis, earthquakes, and tornadoes increase 
people’s social and economic vulnerability. Vulnerability is a function of exposure and 
adaptive capacity in a particular time and place (McLeman and Smit 2006). In the case of 
natural calamities such as hurricane, poor people are more vulnerable as their mobility is 
thwarted by their lack of economic power to escape from the calamities.   
Natural calamity induced migration may result from displacement after natural 
disasters, or from precautionary migration before the occurrence of a natural disaster. 
Earthquakes, severe winter or summer weather such as hail, drought, tornadoes, and 
flooding etc. can be devastating natural calamities (Shumway et al. 2014). Risk of 
exposure and lack of adaptive capacity will both lead to migration away from places with 
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higher risks of hazards (Shumway et al. 2014). After the severe hurricane Katrina 2005 in 
New Orleans, LA, both short-term evacuation and long-term were generated, driving 
away more than 1 million people (Gutmann and Field 2010). Return migration to a 
natural disaster region often low. For example, in Spencer, South Dakota, only half the 
number of people migrated from there returned in two years after a tornado in 1998 
(Cross 2001).  
However, examples of the opposite also exist. In Paul (2005), data from 291 
respondents from eight tornado-affected villages in Bangladesh suggest that no one from 
those locations migrated to other areas. There are also examples of people enduring 
environmental ordeals and migrating to heavily polluted urban areas. In China, over 200 
million people move to mega cities for opportunities though the environment is 
significantly detrimental to health (Chen et al. 2013). Just as Gutmann and Field (2010) 
suggest, places that experience disasters may also be a destination of migration. 
Oklahoma City Metropolitan Statistical Area (MSA) experienced an increase in 
employment growth after the tornado because rebuilding after disasters can bring jobs 
(Ewing et al. 2009). 
Although some literature gives evidence against disaster-induced migration, the 
important role environment plays in migration is not to be neglected. In my opinion, 
Paul’s (2005) conclusion that unwillingness to move of Bangladesh tornado victims 
originate from proper distribution by government and non-governmental organizations is 
debatable. People choose to migrate because there is a better option. In Bangladesh, most 
places are prone to encounter not only tornadoes but also other natural disasters, which 
make the possibility of finding better places very rare. According to Joarder and Miller 
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(2013), 43 out of 750 migrants move because of tornadoes, while 123 because of drought, 
254 because of riverbank erosion, 202 because of flood, 52 because of flash flood and 25 
because of storm surge, which shows natural disaster-affected migration is very common 
in Bangladesh. In fact, considering why residents might not migrate from hazard-prone 
areas, Hunter (2005) gives several reasons: not being aware of hazard, or not expecting 
disaster will truly happen or expecting no loss or seldom loss by luck, or having no other 
choice to move to.   
Method and Data to Study Migration Patterns 
Considering that migration is individual decision, many researchers chose 
questionnaires and interviews method to analyze people’s migration decisions (Paul 
2005; Brown and Cromartie 2006; Barman 2012; Kanter 2012; Chen et al. 2013; Joarder 
and Miller 2013; Choi 2014). In-depth interviews are frequently used by researchers to 
show their points. Choi (2014) used quotes from North Korean migrants to show that 
exposures and spotlight on North Korean human trafficking will actually make things 
worse. Brown and Cromartie (2006) used interviews to show that home place 
attachments are the primary reason that this population is returning to the region. 
Sherman-Morris and Brown (2012) interviewed residents to evaluate how siren systems 
helped to warn people during a tornado outbreak. 
Migration patterns are commonly analyzed using quantitative data such as Census 
data, and Internal revenue service data (Ewing et al. 2009; Gutmann and Field 2010; 
Ambinakudige et al. 2012; Shumway et al. 2014). Several different methods could be 
used to measure migration flows. Major migration streams, migration rates, net 
migration, migration effectiveness are used under various circumstances to describe 
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migration (McHugh and Gober 1992; Newbold 1997 Manson and Groop 2000; 
Ambinakudige et al. 2009; Ambinakudige et al. 2012). Although, absolute migration flow 
data are an important indicators of push and pull factors of migration, migration data 
normalized to the total population or migration indices are more appropriate for 
comparing different regions. Thus, some studies have used migration effectiveness index 
instead of total migration (McHugh and Gober 1992; Plane and Mulligan 1997 Manson 
and Groop 2000; Ambinakudige et al. 2009; Ambinakudige et al. 2012). Manson and 
Groop (2000) used both migration effectiveness and income effectiveness to show the 
migration paralleled the urban hierarchy moving. Newbold (1997) compared migration 
streams, migration rates, and net migration for each migrant type between Blacks and 
Whites, to show the different migration pattern among different races. 
 MEi = 100* (Di – Oi)/ (Di + Oi)  (1) 
where i is the county in question, Di is in-migration to the county, and Oi is out-migration 
from the county. The index ranges from –100 to 100, with –100 indicating net out-
migration and 100 indicating net in-migration (Manson and Groop 2000, Ambinakudige 
et al. 2012). As stated above, there are huge differences in population of each county. Use 
of the ME index can avoid those differences and focus on the changing rate of population 
of each county. Similarly, to estimate the impact of a natural disaster, indices are more 
convenient to compare between two locations. Shumway et al. (2014) create an 
environmental hazards impact index (HII) based on the frequency of hazards, the number 
of people exposed and the number of injured or loss of life.  
Studies have used multivariate analysis to analyze migration patterns. Regression 
analysis can be used to explore the variables contributing to the changes in the dependent 
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variable (Aminakudige et al. 2009; Abu et al. 2014). Aminakudige et al. (2009) used 
regression analysis to explore the factors influencing the migration patterns in the Black 
belt region of the southern United States. Abu et al. (2014) used regression analysis to 
explore the factors affecting whether environmental migration is temporary or permanent. 
Chi and Marcouiller (2013) compared the relative association of natural amenities and 
land development ability with in-migration between Remote Rural Wisconsin and the 





DATA AND METHODS 
In this Chapter, data as well as data sources for both quantitative and qualitative 
data used in this research will be discussed. Methods used in analyzing the data will be 
provided. 
Tornado Data 
The tornado database was downloaded from the Storm Prediction Center (SPC), 
which contains the date and time of each tornado from 1950 to 2013, the county in which 
each tornado occurred, the Fujita rating, the number of injuries and fatalities, and the 
latitude and longitude of the genesis and dissipation locations. It also contains a spatial 
data in an ESRI shapefile format with paths of each tornado that can be used in a 
geographic information system for conducting spatial analysis. The tornado data 
span1950–2013, however, in this study, only tornadoes since year 2000 were considered 
as the migration data span only 2004–2009. It is unlikely for tornadoes that occurred 
more than five years ago to influence on current migration decisions.  
County boundary shapefile was downloaded from the US Census Bureau. Using 
spatial analyst tool in ArcGIS 10.2 the tornado shapefile and county shapefile were 
intersected. In the attribute table of the output shapefile from the intersection provided 
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number of tornadoes, and the total length of tornadoes in each county as two separate 
variables. 
Migration Data 
Migration Data came from Statistics of Income Division (SOI) of the Internal 
Revenue Service (IRS), which maintains records of all individual income tax forms filed 
in each year. The data include the numbers, origins, and destinations of migrants making 
inter-county moves between two filing years. As the data were collected by recording tax 
returns, people who do not file tax will be excluded from the dataset, which means the 
poor people who are not filing tax returns are excluded (Gross 2014). Some small tax 
returns after late September of the filing year are also excluded. When numbers of returns 
were less than ten per county, data will be suppressed (Gross 2014). The IRS data covers 
only about 90 percent of the US population, but are the broadest based migration data 
source for the United States (Engels and Healy 1981) and are inclusive and reliable 
(Gross 2014). This data is also a primary input in the Census Bureau’s state and county 
population estimation (Henrie and Plane 2008). Thus, study rightly assumes that data 
suppression creates no significant bias in the estimation of migration efficiency in this 
study. 
Using Microsoft Access database program, I merged all IRS county-to-county 
migration data; I made a table describing inflow and outflow for each county to each 
other county, each year. I also calculated the total inflow and outflow for each county 
from 2004 to 2009. The data from IRS have no demographic information about the 
migrating population. To include demographic variables that may affect migration in the 
analysis, I used county-level 2010 census data.  
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Census Bureau Demographic Data 
Migration can be driven by different factors, both environmental and social. 
Demographic data of the migrants are needed to come to a well-informed conclusion. The 
Census Bureau database includes basic demographic information such as age, gender, 
race, education level, employment situation, poverty, incomes, as well as house 
ownership as tornadoes make bigger risks for house owners to lose their real estates and 
properties. I downloaded 2010 county level census data tables that included AGE, SEX, 
RHI (for race), EDU (for education), EMN (for employment), PVY (for poverty), and 
HSG (for housing information). The table AGE provides resident population and 
percentage of population in different age group. I used resident population under 18 years 
and over 65 years data from 2010 census. People under 18 or over 65 usually do not look 
for jobs. People over 65 tend to go to warm places like Florida to enjoy their retirement. 
Age and age-affected factors may affect people’s decision of migration. The age data 
allow me to take age affected social factors into consideration. The table SEX provides 
both actual numbers and percentages of male and female residents. I used percentage for 
male and female residents in each county.  The table RHI provides the actual numbers 
and percentages of White, Black, Hispanic, Indian Alaska, Asian, Hawaii and Pacific and 
other races. The table EDU provides education level of people of different age ranges. I 
used the table of percentage of different educational attainment of persons 25 years and 
over as people over 25 constitute a significant part of the workforce. Degree attainment 
was divided into three categories, high school or less than high school degree, some 
college, and higher than college. These three categories can explain different employment 
and economic situation of people. The table EMN provides employment situation of 
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residents. Four categories of employment were used including agriculture (including 
forestry, fishing and hunting), manufacturing, wholesale, retail and service. All data were 
in percentage. The table PVY provides poverty rates for all residents from 1979 to 2009. 
I used poverty rate of 2009. The table HSG provides various housing information 
collected by counting or sampling from 1980 to 2010. I used both renter-occupied 
housing units and owner-occupied housing units of 2010. When tornado comes, house 
renters are more likely to move while owners are more reluctant to move. The Census 
TIGER file that provided county boundaries for this study was also downloaded from 
Census Bureau website. 
Defining the Study Area and Classifying Counties 
Hot Spot Analysis is a spatial clustering analysis in a geographic information 
system that identifies statistically significant hot spots and cold spots using the Getis-Ord 
Gi* statistic based on given set of weighted features (ESRI 2012). Hot spot analysis was 
used to identify local clusters of high or low values for the spatially distributed tornado 
(number or length) values based on the presence of statistically significant local spatial 
autocorrelation. The Gi* statistic provides a z-score for each feature in the dataset. For 
statistically significant positive z-scores, the larger the z-score, the more intense the 
clustering of high values (hot spot). For statistically significant negative z-scores, the 
smaller the z-score, the more intense the clustering of low values (cold spot). A feature 
with a high value and surrounded by other features with high values is defined as hot 
spot. The definition of hot spots corresponds well with the definition of “Tornado Alley,” 
which requires clustering of tornado risk.  
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where 𝑥𝑗 is the attribute value for feature j, 𝑤𝑖,𝑗 is the spatial weight between feature i and 
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The 𝐺𝑖∗ statistic is a z-score, so no further calculations are required (ESRI 2012).  
Hot spot analysis was conducted in ArcGIS 10.2 version. Two different hot spot 
analyses were conducted. In the first analysis, number of tornadoes in each county was 
used as input. In the second analysis, total length of tornadoes during the study period 
was used as the input. The outputs of two analyses were quite similar. As the hot spots 
analysis created using tornado length produced a more continuous tornado hot spot, and 
tornado length seems to be more representative of the extent of impact of tornadoes than 
the numbers, tornado hot spot based on tornado length has been used in this study. For 
further analysis, counties that were classified as non-significant spots and cold spots were 
grouped together to define non-hot spot counties. Based on the results of tornado length 
hot spot analysis, all counties of lower forty-eight states are divided into two categories, 
hot spots and non-hot spots. 
Beside hot spots and non-hot spots, the counties are also categorized based on 
geographic regions such as the Midwest, the Northern Plains, the Southern Plains, the 
Northeast and the Southeast (Fuhrmann et al 2013). Figure 1 shows the regions used in 
















Counties can be categorized not only by geographic features but also by 
demographic features. U.S. counties and county equivalents are grouped according to 
their official metro-nonmetro status announced by the Office of Management and Budget 
(2003). Based on this, the Rural-Urban Continuum Codes developed by the USDA 
Economic (Ambinakudige et al. 2009) is used in this study. Further, in this study, 
counties were regrouped in to two categories metropolitan areas and non-metropolitan 
areas (Table 1).  
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Table 1 2003 Rural-Urban Continuum Codes 
Code Description Reclassification 
New 
Code 
1 In large metro areas of 1+ million residents Metropolitan 1 
2 In small metro areas of less than 1 million residents Metropolitan 1 
3 Micropolitan areas adjacent to large metro areas Non Metropolitan 2 
4 Noncore adjacent to large metro areas Non Metropolitan 2 
5 Micropolitan areas adjacent to small metro areas Non Metropolitan 2 
6 
Noncore adjacent to small metro areas and contains a town of at 
least 2,500 residents 
Non Metropolitan 2 
7 
Noncore adjacent to small metro areas and does not contain a 
town of at least 2,500 residents 
Non Metropolitan 2 
8 Micropolitan areas not adjacent to a metro areas Non Metropolitan 2 
9 
Noncore adjacent to micro areas and contains a town of at least 
2,500 residents 
Non Metropolitan 2 
10 
Noncore adjacent to micro areas and does not contain a town of at 
least 2,500 residents 
Non Metropolitan 2 
11 
Noncore not adjacent to metro or micro areas and contains a town 
of at least 2,500 residents 
Non Metropolitan 2 
12 
Noncore not adjacent to metro or micro areas and does not 
contain a town of at least 2,500 residents 
Non Metropolitan 2 
 
Migration Effectiveness 
In this study, migration effectiveness (ME) index is used to examine migration 
flow patterns. ME is often used when the trend of migration is wanted while the absolute 
number of population is not needed. 
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I calculated ME not only between counties but also between hot spots and non-hot 
spots, and between different regions. First all counties are divided into two groups, hot 
spots and non-hot spots. Then in each group, counties are divided into different regions 
according to Figure 1. Migration flows and migration effectiveness are calculated 
between every two groups. The results include ME in hot spots and non-hot spots, ME in 
hot spots in different regions, and ME in hot spots considering migration only between 
hot spot and non- hot spots excluding within the hot spot migration flows. 
While the data entry, and manipulations, graphs were done in MS Access and MS 
Excel software packages, statistical analysis were conducted in SPSS software. Access 
queries were used to calculate inflow, outflow and migration effectiveness of each area. 
MS Excel was used to show the trends in migration data. 
Multivariate Analysis 
Ordinary least square regression model was used to examine the relationships 
between migration effectiveness indices and social and environmental variables. The 
dependent variable is migration effectiveness index (ME) for each county. The 
independent variables include geographic variables, demographic, educational and 
economic characteristics of each county. Geographic variables include urban code, 
tornado hot spots and the US regions. Urban code originally provided by the USDA 
Economic Research Services (Office of Management and Budget 2003) is re-classified 
into two categories: metropolitan and non-metropolitan areas.  
Counties were classified in to tornado hot spots and cold spots based on hot spot 
analysis explained earlier. Geographic regions are adopted from Fuhrmann et al. (2013). 
All other variables, including age, gender, race, education level, employment situation, 
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poverty, incomes, housing information are from 2010 census data from the US Census 
Bureau.  
The specific independent variables used in the model are: 
A. Geographical and Biophysical variables 
1. County types: Metropolitan and non-metro, with non-metro as the reference 
category. 
2. Tornado Hot spots: Hot spots and Non-hot spots. Non-hot spots variable was 
used as the reference category. 
3. Regions: the Northeast (NE), the Northern Plains (NP), the Southern Plains (SP), 
the Midwest (MW), the Southeast (SE) and the others (N). The Southeast (SE) was used 
as the reference category. 
B. Demographic and educational Variables:  
1. Percentage of population older than 65 years age   
2. Percentage of working age population (18-65)  
3. Percentage of Blacks in total population 
4. Percentage of Hispanic or Latinos in total population 
5. Percentage of population with less than high school degree 
6. Percentage of population with Bachelor’s degree  
C. Economic Variables  
1. Percentage of people working in agriculture and forestry 
2. Percentage of people working in service 
3. Percentage of people working in wholesale sector 
4. Percentage of people working in retail sector 
 
24 
5. Normalized median income 
6. Poverty Rate 
7. Percentage of house owners in total population  
Other socioeconomic variables used in descriptive statistical analysis were not used 
in the regression analysis, as they had high colinearity with other variables. 
The ordinary least squared regression model assumes that there is a linear 
relationship between the dependent variable and each predictor. This relationship is 
described in the following formula.  
ME=b0+b1xi1+...+bpxip+ei                                                                                  (5) 
where ME is the dependent variable, p is the number of independent variables. x is the 
independent variable. b is the coefficient. ei is the error in the observed value. 
Interviews 
Interviews of residents in tornado hot spots will help this study figure out how 
residents of the tornado-prone areas think of tornadoes and migration. Institutional 
Review Board for the Protection of Human Subjects (IRB) approval of this research was 
obtained from the Office of Research Compliance of Mississippi State University before 
interviews. The interviews were conducted in Smithville, MS on May 18th, 2014. 
Smithville was chosen because it is a small town which experienced a severe tornado in 
2011. Nearby locations such as Tuscaloosa, AL, and Louisville, MS, were also damaged 
by recent tornadoes. However, in metropolitan areas such as Tuscaloosa, AL, where there 
is a large percentage of non-local population or floating population, it is difficult to find 
residents who have been affected by tornado. On the other hand, in the location like 
Louisville, MS which was damaged by tornado very recently (May 2014), it may be 
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inappropriate to interview the people now as it could bring pain to those who lost 
someone in the disaster. The last severe tornado in Smithville, MS was three years ago. 
People who experienced it are able to remember and describe the scenes they saw. 
Therefore, Smithville, MS was selected for the interview.  
All interviews were conducted in the parking lot in front of a Dollar General in 
Smithville. Smithville had population of 942 in year of 2010 (U.S. Census Bureau 2014). 
The median age of all residents is 38.7. Male population is 46.2%. 96% residents are 
White, and 1.7% are Black and 1.6% are Hispanic or Latino. Owner-occupied housing 
units are 67% of all house units. In this small town, Dollar General is the only 
supermarket, so there were enough customers for interview. During the recruitment, I 
explained to the potential participants that the purpose of my research is to find out how 
tornado incidents influence people's migration decisions and that to answer this question I 
needed to interview people who have been affected by the tornadoes to explore their 
experiences of tornado and their decisions about moving. After seeing them the consent 
form and approval form from the IRB office of Mississippi State University, most people 
agreed to take the interview immediately. I even encountered several alumni and alumina 
of Mississippi State University. There was a friendly atmosphere for the interview. One 
alumna even joked that if I am from Ole Miss, she would not help and tell me to go away. 
Many people wished me good luck after the interview.  
During the interview, no information that could reveal respondents' identification 
was collected during the interview. Participants were asked to pick a pseudonym. 
Participants were asked about questions about tornadoes and migrations, and the answers 
were written down. Some of the answers are quoted in my thesis without identifying the 
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actual respondent. Questions below were asked. When not applied, some questions are 
skipped.  
1. How many years have you been living here?  
2. Have you been through tornadoes? 
3. Could you tell me what happened that night (day) of tornado? 
4. Did tornadoes lead to devastating damages to your house? 
5. Have you received any kind of subsidies? Governmental or NGO (non 
governmental organizations)?  
6. Have you ever did short term migration to avoid tornado? What kind of short-
term shelter did you choose? 
7. Have you ever thought of moving? Why or why not? 
8. Do you have friends, relatives, neighbors moved because of tornadoes? 
9. What made you come back? 
Replies from the interview were coded and analyzed. Since people I meet in 
Smithville were usually living in Smithville now, they do not belong to the group who 
migrated after the tornado. So the destination of interview determined that only a little 






This chapter contains four sections. The first section is the result of objective 1, 
hot spot analysis which shows the continuous hot spots areas created by hot spot analysis. 
The second section shows results of objective 2: to analyze the internal migration patterns 
in Tornado hot spots and in the rest of the United States, which contains descriptive 
statistics analysis and graphs of migration effectiveness. The results for objective 3: to 
analyze the role of tornadoes along with socioeconomic factors in people’s decision to 
migrate in and out of tornado hot spots are provided in both the third section and the forth 
section. The third section provides regression analysis results. The last section is the 
analysis of the interview data. 
Objective 1: To delineate tornado hot spots in the US 
Hot Spot Analysis identifies statistically significant hot spots and cold spots. In this 
research, total tornado lengths within each county were used as the input variable. A 
feature with a high value and surrounded by other features with high values is defined as 
hot spot. Hot spots and Cold spots were classified based on 90 % confidence of Z scores. 
The definition of hot spots corresponds well with the definition of “Tornado Alley,” 
which requires clustering of tornado risk. Figure 2 is the result of Hot spot analysis of all 



































As shown in Figure 2, tornado hot spots are clustered mainly in the South and the 
Southeast.  Very similar clustering of hot spots and cold spots were observed when only 
F2 and stronger tornadoes were used in the analysis (see Appendix A). The biggest 
continuous area spreads across the Southern Plains, the Northern Plains, the Midwest and 
the Southeast. The Northern Plains and the Southeast have most counties as hot spots, 
which is in line with Coleman and Dixon’s (2014) result that the Great Plains and the 
Southeast are more prone to have tornadoes. On the contrary, the Northeastern and the 
Western parts of the United States barely had any tornado hot spots, which indicate that 
they are less prone to have tornadoes. Study found 745 counties in hot spots and 2370 
counties non-hot spots. Non-hot spots contain cold spots and non-significant spots.  
Descriptive statistics for variables used in the analysis are provided in table 2. The 
migration effectiveness of hot spots is negative, so hot spots are losing population, 
whereas in the non-hot spots, ME is positive indicating population gain. Metropolitan 
counties accounted for 48% of hot spots, whereas in non-hot spots 59% of the counties 
were metropolitan counties. The majority of the counties (46%) in the hot spots were 
located in the Southeast. Twenty two percent of the hot spots were in the Midwest. 
Comparing to hot spots, non-hot spots distribute more evenly in all regions.   
Age and gender distribution between hot spots and non-hot spots are not 
significantly different. Hot spots have a significantly higher percentage of Black people 
and a comparatively low percentage of White Asian and Hispanic Latino people. Hot 
spots also have a higher percentage of people with less than high school education, and 
lower percentages of people with some college or higher education. Hot spots have 
significantly less population working in service. More population are employed   in 
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agriculture and manufacturing. Median incomes are also lower in hot spots than in non-
hot spots, which is in line with the higher poverty rate of hot spots. 
Table 2 Descriptive Statistics 
 Hot spots (745 counties) 
Non-hot Spots 
(2370 Counties) t p  
 Mean SD Mean SD    
Migration 
Effectivenss -0.34 6.6 0.85 6.8 -4.195 .491  
Geographic 








52 41  5.428   
% SE 46 18  16.551   
% NP 18 14  2.640   % SP 14 11  2.220   % MW 22 29  -3.971   % NE 0 18  -12.898   




    
 
  
% Greater Than 
65 Years Old 16.16 3.7 15.86 4.29 1.683 .000 *** 
% Less Than 18 
Years Old 23.83 2.51 23.23 3.61 4.216 .000 *** 
% 18-65 Years  
Old 60.01 3.11 60.9 4.06 -5.512 .000 *** 
% Female 50.33 2.02 49.91 2.83 3.759 .100  
% Male 49.67 2.02 49.96 2.83 -2.623 .225  % White 76.74 19.01 79.11 19.85 -2.868 .634    
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Table 2 (Continued) 
% Black 14.46 19.21 7.23 12.24 12.098 .000 *** 
% Indian Alaska 1.81 5.04 1.72 7.08 .321 .665 
 % Asian 0.59 0.69 1.23 2.31 -7.448 .000  
% Hawaii Pacific 0.04 0.14 0.05 0.12 -1.657 .124  
% Other race 2.09 3.05 3.29 4.64 -6.640 .000  
% Hispanic Latin 4.94 7.03 9.4 14.51 -8.090 .000  




56.5 9.41 52.51 11.28 8.745 .000  
% with some 
Undergraduate 
Education 
38.23 7.84 40.7 8.72 -6.905 .014 *** 
% with some 
Graduate 
Education 
5.26 2.55 6.66 4.05 -8.872 .000  
Economic 
Variables       
% Employed in 
Agriculture 11.64 8.4 9.37 9.47 5.877 .005 *** 
% Employed in 
Manufacturing 16.18 9.12 15.04 8.3 3.207 .001 *** 
% Employed in 
Wholesale 2.37 1.94 2.31 1.89 .670 .679  
% Employed in 
Retail 10.36 2.9 10.49 3.23 -.993 .041  
% Employed in 
Service 29 12.94 34.52 15.58 -8.766 .000 *** 
Median 
Income(000s) 38.32 8 44.82 11.96 -13.883 .000 *** 
Poverty Rate 18.47 6.59 15.66 6.27 10.533 .085 *** 
Social Variables       
% of House 
Owners  73.62 7.03 73.35 8.34 .782 .004 *** 
% of House 
Renters 26.38 7.03 26.52 7.97 -.422 .007 *** 
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Objectives 2: to analyze the internal migration patterns in Tornado hot spots and in 
the rest of the United States 
After delineating tornado hot spots, migration effectiveness indices were 
calculated for the counties of both tornado hot spots and non-hot spots from 2004 to 
2009. The results of the analysis were provided in the form of graphs. A positive ME 
suggests more people are moving in from other regions than number of people moving 
out. The ME trend in hot spots and non-hot spots, and in various geographic regions are 
provided in this section. 
 
Figure 3  Migration Effectiveness in Tornado Hot Spots and Non-Hot Spots 
 
In figure 3, a positive ME indicates that number of people moving in to the hot spot 
is higher than the number of people moving out of hot spot to the non-hot spot. The 
results of the t-test conducted between MEs of tornado hot spots and non-hot spots show 
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from 2004 to 2009, ME indices in tornado hot spots have remained positive indicating 
higher in-migration than out-migration in these counties. However, the ME trend is 
declining. 
Tornado non-hot spots have a comparatively smooth trend line, from gaining 
population to losing population. As discussed above, various reasons might account for 
population gaining in tornado hot spots, which is mainly clustered in the south, as shown 
by Figure 2. According to Ambinakudige et al. (2012), the South is attracting people 
from other regions of the country. Further, there is significant movement of people with 
the south especially from rural South to the urban South in recent decades. There is a 
possibility that the positive ME in the hot spot is mainly due to the internal migration 
within the hot spot counties. To control this factor, ME was calculated on hot spot 
counties considering migration flows only to and from non-hot spot counties to hot spot 
counties (Figure 4). Interestingly, ME values were negative in all years indicating that 
more number of people are moving out of hot spot counties to non-hot spot counties than 
the number of people moving in. 
 














2004 2005 2006 2007 2008 2009
M
E
ME : From Hot spots to Non-hot Spots
 
34 
According to Coleman and Dixon (2014), tornadoes are more clustered in the 
Great Plains, and the Southeast, which also means that people live in these two regions 
are more prone to be affected by tornadoes, and thus their decision to move might be 
influenced to some extent to the severity of tornado outbreak along with other socio-
economic factors. Figure 5 provides the ME of both hot spots and non-hot spots in those 
two regions. 
 
Figure 5 Migration Effectiveness of Hot Spots and Non-hot Spots in the Southeast 
 
Figure 5 shows that from 2004 to 2009, ME indices in tornado hot spots have 
remained positive indicating higher in-migration than out-migration in these counties. 
However, internal migration with in hot spots and non-hot spots were not separated in 
this graph. Comparing to non-hot spot counties in the same region, hot spot counties 
usually have a less population gain. The t-test result (t= -1.592, p=0.213) shows that the 
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The rapid decline of ME in non-hot spots in 2005 in the Southeast might have 
been due to out migration from New Orleans because of hurricane Katrina. New Orleans 
falls under the non-hot spots region in the Southeast. After Katrina in 2005, nearly one 
million people migrated in short term. Four years later, the population of the city of New 
Orleans was still less than eighty percent of pre Katrina population (Gutmann and Field 
2010), which is also shown in Figure 5 that the trend of ME in non-hot spots in the 
Southeast remains declining from 2005 to 2009. 
 
Figure 6 Migration Effectiveness of Hot Spots and Non-hot Spots in the Northern 
Plains 
 
Figure 6 shows that from 2004 to 2009, ME indices in tornado hot spots have 
changed from negative to positive indicating a switch from net out-flow to net in-flow in 
these counties. The differences of ME between hot and non-hot spots are more obvious in 
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losing population while non-hot spot counties are gaining population. The t-test results 
(t=-4.813, p=0.022) shows that the two groups are significantly different. The huge 
differences between the Northern Plains and the Southeast may result from 
socioeconomic-affected migration to the South, which lead to overall increase in 
population of the South, while the Northern Plains have no such general inflow of 
population. 
 
Figure 7 Migration Effectiveness of Hot Spots and Non-hot Spots in the Southern 
Plains 
 
Figure 7 shows that from 2004 to 2009, ME indices in tornado hot spots have 
remained positive indicating higher in-migration than out-migration in these counties. 
The Southern Plains are gaining population because of socio-economic factors. For the 
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are gaining less population than non-hot spots. T Test result (t= -3.113, p=0.496) shows 
that the two groups are not significantly different. 
 
Figure 8 Migration Effectiveness of Hot spots and Non-hot spots in the Midwest 
 
Figure 8 shows that from 2004 to 2009, ME indices in tornado hot spots were 
fluctuating between negative and positive. The trend generally declining, indicating a 
switch from net in-flow to net out-flow in these counties. The differences of ME between 
hot and non-hot spots are more obvious in the Midwest. Different from all other regions, 
in the Midwest, hot spots are gaining population while cold spots are losing population, 
which indicates that tornadoes may have less influence to people’s moving choice than 
socio-economic and other factors. T Test shows that the two groups are not significantly 
different (t=10.898, p=0.010). The Midwest has less hot spots than the Northern Plain 
and the Southeast, which could be another reason that tornadoes contribute less to 
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Figure 9 Migration Effectiveness of Hot Spots and Non-hot Spots in other places 
 
Figure 9 shows that from 2004 to 2009, ME indices in tornado hot spots have 
changed sharply from positive to negative indicating a switch from net in-flow to net out-
flow in these counties. In places other than the four major regions, tornado hot spots are 
rare. Socio-economic factors may play the most important role in people’s choices of 
moving. T Test shows that the two groups are significantly different though (t=1.066, 
p=0.007). 
Trends in Figure 3-9 show gains and loss of hot spots and non-hot spots of 
different regions. To better show the absolute flows of migration, the migration 
population numbers are provided in Table 3. Migration effectiveness between different 
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Table 3 shows the inter-population-flow between any two categories of counties. 
The region the Northeast is excluded because there is no hot spots in the Northeast. The 
first row shows whether the origin counties belong to hot spots or non-hot spots. The 
second row shows which region these counties belong to. The first column from left 
shows whether the destination counties belong to hot spots or non-hot spots. The second 
column shows which region these counties belong to. Usually population flows within 
one certain category is highest, shown in the diagonal of Table 3, indicating that many 
migrants chose to move near their original home. People in the same region tend to move 
within the region. Most people in hot spots in one certain region tend to move to hot spots 
in the same region. In the same way, people in non-hot spots in one certain region tend to 
move to non-hot spots in the same region. Besides numbers on diagonal, population 
move within on certain region but from hot spots to non-hot spots, or vice versa are also 
higher than inter-region migration population. It is highly likely that most people move 
within a small area, and do not move out of their original hot /non-hot spots. In Table 3, 
generally, in one certain region, non-hot spots are gaining much more population than hot 
spots, especially in the Southeast and the Northern Plains, the two regions with most hot 
spots. This result provides evidence for the argument that migration is affected by 
tornado frequency. The tendency of staying away from hot spots is more obvious when 
the origins of migration are non-hot spots. I might be that people only heard about 
tornadoes but have not been living with tornadoes are more prone to stay away from 
tornadoes. 
Table 4 shows migration effectiveness between different regions in both hot spots 
and non-hot spots. The first row shows whether the counties belong to hot spots or non-
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hot spots. The second row shows which region these counties belong to. The first column 
from left shows whether the counties belong to hot spots or non-hot spots. The second 
column shows which region these counties belong to. Table 4 is calculated based on 
Table 3, based on equation (1). For example, to calculate ME from hot spots in SE to hot 
spots in NP, the Di is the outflow from hot spots in SE to hot spots in NP; here it is 4034. 
Oi is the inflow from hot spots in SE to hot spots in NP; here it is 4515. By calculating 
using equation (1), I have the ME from hot spots in SE to hot spots in NP, which is -5.63. 
Values on the diagonal is blank, because the origin equals the destination, thus there is no 
inflow or outflow. 
In Table 4, when ME>0, the counties have net inflow; when ME<0, the counties 
have net outflow. Counties in the Southeast hot spots are gaining population from hot 
spots of NP, MW, and cold spots of SE, MW. On the other hand, counties in the 
Southeast hot spots are mainly losing population to non-hot spots in NP, SP and other 
places. Counties in NP hot spots are losing population to all other regions, no matter hot 
spots or not. Counties in SP hot spots are gaining population from hot spots of SE, NP, 
MW, and cold spots of SE and MW. Counties in SP hot spots are losing population to 
non-hot spots of NP, SP and other places. The ME from hot spots SP to hot spots other 
places is -100. That is because the outflow is 16, and the inflow is 0 according to Table 3, 
so the ME is -100. Counties in MW hot spots are gaining population from hot spots of 
NP, and losing population to hot spots of SE and SP, and almost all non-hot spots except 
non-hot spots of MW. Counties of places out of those regions are losing population to 
non-hot spots of NP, SP and other places. Counties of places out of those regions are 
gaining population to non-hot spots of SE, SP and MW. Counties in the Southeast non-
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hot spots are gaining population from hot spots of NP and MW, and from non-hot spots 
of MW and other places. Counties in the Southeast non-hot spots are losing population to 
hot spots of SE, SP, other places and non-hot spots of NP and SP. Counties in NP non-
hot spots are gaining population from all other regions, no matter hot spots or not. 
Counties in SP non-hot spots are gaining population from all other regions no matter no 
spots or not, except hot spots in other places. Counties in MW non-hot spots are gaining 
population from hot spots of NP, and losing population to all other regions. Non-hot spot 
counties of places out of those regions are gaining population from all non-hot spots 
counties. They are also losing population to non-hot spots of SE, SP and NP. Based on 
ME instead of actual migration number, the effect of tornado hot spots are less obvious. 
Socio-economic factors are playing more important role in people’s decision to move. 
Based on the data, tables and figures shown in this section, the null-hypothesis 
that there is no significant difference between migration patterns in the tornado hot spots 
and rest of the country is rejected. 
Objective 3: To Analyze the Role of Tornadoes along with Socioeconomic Factors in 
People’s Decision to Migrate in and out of Tornado Hot Spots 
In the last section, Figure 3-9 and Table 3-4 showed that there are huge 
differences between migration patterns in hot spots and non-hot spots in different regions, 
especially in the Southeast and the Northern Plains. In this section, the result of the 
multivariate analysis is provided to explain how tornado and non-tornado factors 
influence migration effectiveness of the counties. 
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Table 5 Linear Regression of Migration Effectiveness on County Characteristics 




B  Std. Error 
(Constant) 1.587  5.552 
Geographic Variables    
Metro Areas 0.854 *** 0.25 
Hot Spots -1.067 *** 0.265 
NE -5.886 *** 0.403 
NP -6.73 *** 0.481 
SP -0.497  0.493 
MW -7.622 *** 0.35 
Other Regions -1.891 *** 0.534 
Demographic and Educational Variables    




Table 5 (Continued) 
Percentage Greater Than 65 Years -0.11 ** 0.041 
Percentage Black -0.142 *** 0.01 
Percentage Hispanic Latin -0.096 *** 0.011 
Percentage with Less Than Undergraduate 
Education -0.05 
 0.034 
Percentage with some Undergraduate 
Education -0.061 
 0.04 
Economic Variables    
Percentage Employed in Agriculture -0.094 *** 0.018 
Percentage Employed in Wholesale -0.367 *** 0.056 
Percentage Employed in Service -0.003  0.011 
Percentage Employed in Retail 0.159 *** 0.04 
Normalized Income Median 0.08 *** 0.019 
Poverty Rate -0.072 * 0.029 
Percentageage of House Owners  0.159 *** 0.02 
Adjusted R2 0.311   
*** p < 0.001; ** p < 0.01; * p < 0.05 
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The model in Table 5 explains 31 % (Adjusted R2 = 0.311) of the variation in the 
dependent variable accounted for by the variables. Independent variables used in the 
model are grouped in to geographic variables, economic variables and demographic and 
educational variables. 
From the result in Table 5, it is clear that geographic variables make a great 
contribution to migration effectiveness of a county. Metropolitan areas had positive 
regression coefficient with very high significant indicating that metropolitan areas attract 
people to move into. On the other hand, the tornado hot spots had significant and 
negative b coefficient implying that tornadoes act as a push factor and drive people away 
from tornado hot spots to non-hot spots.  
Among the regions, the Southeast was used as a reference variable in the model. So 
the significant negative b coefficients imply that all other regions are losing population to 
the the Southeast. Compared to natural factors, socio-economic factors are more related 
to regions.  
Among all demographic and educational variables, only percentage of people over 
65, percentage of Black and percentage of Hispanic Latino are significant. They are all 
negative, indicating areas with more people over 65, and with more Black and 
Hispanic/Latino are losing population to other areas. The signs of percentage people over 
65 is negative, which indicates that counties with more senior people tend to lose 
population. According to Ambinakudige et al. (2010), the elderly mainly consider 
amenities as the pull factor as they are not constrained by employment opportunities. So 
the growing economy has less attraction on them. On the other hand, environmental 
threats including tornadoes are the push factor that drives them moving away. Similarly, 
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counties with more Black and Hispanic people tend to lose population. This tendency 
might result from a higher tendency to go out and look for job opportunities among Black 
and Hispanic/Latino communities.  
Among the economic variables, regression coefficients of percentage of 
employment in agriculture, whole sale and retail median income, poverty rate and 
percentage of house owners had significant influence on migration effectiveness. 
Counties with higher percentage of agriculture and wholesale business had negative 
influence on ME. On the contrary, retail sector is offering more job opportunities and 
attracting more people to migrate in. Usually, growth of retail business indicates the 
growth of economy. Counties that have higher median income also attract people to move 
in. House ownership also is a factor in migration decision. More house owners indicate 
that it is a safe and steady neighborhood, there will be less people moving out of those 
counties. 
Interviews of Residents in Smithville 
I chose Smithville for interviews, as it is a small town and most people are 
residents of the town for a long time. Smithville is a town in Monroe County, Mississippi. 
According to Census, in 2010, there were 942 people. This number turned to around 500 
after the tornado in 2011, according to one participants’ response. No population data 
after the tornado were available. In the EF-5 tornado on April 27th, 2011, 16 people were 
killed and many were injured (Sherman-Morris & Brown 2012). 
Seventeen respondents were interviewed in Smithville. Six of the respondents 
were not in Smithville when the tornado hit the city. Nine of them were in Smithville but 
did not encounter the tornado, and no loss to their properties because of tornado. Three 
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were in buildings hit by tornado. Three people had damages to their house caused by the 
tornado. One person lost her family. Two moved out of Smithville after the tornado. 
Eight personally knew someone who had moved because of the tornado. 
 
Figure 10 Respondents’ Situation and Decision on Migration after the Tornado 
 
All 17 respondents told that their living place was under threat of tornadoes one or 
more time. Nine of the respondents have witnessed tornadoes themselves. Three of the 
respondents had losses caused by tornado. One respondent lost two family. Yet only two 
of the respondents decided to move out. Most respondents chose to stay where they are. 
However, eight respondents have friends, relatives and neighbors who had migrated to 
other places after tornado. As the interview site is in Smithville, so it is less likely to 










































those who chose to stay. Only two of them happened to be those who moved out but to 
nearby towns and visiting Smithville. 
“Lindy” (White female, about 50) had been living in Smithville for 16 years. 
When the tornado came, she was at home. Her husband called her about the tornado 
warning 15 minutes before the tornado. She quickly responded and went to her 
neighbor’s house to take care of her neighbors, an old couple. It took her some time 
because she had to take her dogs with her. They covered themselves in the closet. Lindy 
said she was lucky to think of her neighbors first because the tornado actually hit Lindy’s 
house while she was looking after the old couple in their house. Nobody got hurt. Lindy’s 
house was partly damaged and it took them a year to fix the house intermittently. Church 
groups from all over the south volunteered and helped in the rebuilding project. Lindy 
had never thought about moving to another place, as tornadoes are very common in the 
south. “It’s everywhere!” She said. She knew some friends who left. “There were about 
800 people in Smithville, now it’s only 500.” according to Lindy. 
“Richard” (White male, about 50) was at his work in Dollar General when the 
tornado hit Smithville. He has been living here for 18 years. “The building is flying 
around me!” When asked what his words exactly mean, he showed me a picture of that 
day (photography authorized). As the picture below shows, the outer walls of Dollar 
General were all gone, while part of the roof, some counters and shelves were still there. 
Richard said, when the tornado hit, walls and roofs were flying around him and he was 
lying on the floor, grabbing the counter. “It is frightening.” He said. It took them 4 
months to rebuild Dollar General. Now it is the only grocery store in Smithville. Piggly-
Wiggly was totally wiped out in the tornado and never rebuilt. The tornado also caused 
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damages to Richard’s house. A tree fell on his roof and he had to fix it. Although suffered 
in tornado, Richard never thought of moving to a new places. Nor does he personally 
know someone who moved out because of tornado. 
 
Figure 11 Picture of Dollar General after tornado 2011 
Note: This picture was posted on the wall of Dollar General in Smithville. Store manager 
gave oral permission to use this picture in the thesis. 
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“Marilyn” (White female, 56) has been living in Smithville for her whole life. All 
her family was here. The tornado was 3 miles away from her house. When she was 
standing outside and watching the tornado path, she did not know that 3 of her family 
members were killed 3 miles away. Her brother and sister-in-law were killed by tornado 
in their house, so was her aunt. “My sister –in-law was buried in the debris, dead. My 
brother was still alive when he was found. He made it to 10 the next morning.” Marilyn 
said she has been mourning for her family all these three years, then she realized that she 
was not the only one who lost someone. “The tornado in Tupelo this year reminds me of 
my brother. It happened right after the day he died three years later.” When asked if she 
has ever thought about moving to another place as the severe tornado consequences she 
had been through, Marilyn said no. “All my life is here.” She said. 
“Jerry” (White male, no age reported) has been living in Smithville for 28 years. 
He was sheltering in the closet when the tornado came. His wife was hiding in their 
bathtub. Luckily no damage was done to their house. He said firmly that he would not 
move to other places. “People living in California don’t move even though there are so 
many landslides and earthquakes.” He said. He believed natural disasters happen 
everywhere; there is no point to run away. He knew someone move out of Smithville, but 
only to Amory, a very near town. 
“Jenny” (White female, at her 20s) has been living here for 20 years. She was 
sheltering in her hall way as it was the thinnest place in her house and surrounded by 
walls. No damages were done to her house. As a girl who was born in Smithville, she 
said she never thought about moving. “This is home!” But she did know about 4 families 
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moved out of town after the tornado. “They just took the insurance and sell the land. You 
know, it is hard to get to the mess.” 
Unlike those who were born in Smithville or whose whole family was in 
Smithville, “K” (White male, age not reported) moved to Fulton immediately after the 
tornado. K is from another town and was running his furniture business in Smithville for 
15 years. The tornado hit his business place, and he was down in the floor holding 
something. His business place is half wood, half steel. “The wood part was taken away. 
The steel part was still there.” The business places did not belong to K. He just rented it. 
After the tornado he moved to Fulton and opened his furniture business there soon. 
“Sherry” (White female, age not reported) has lived here for 51 years. She and her 
house were both safe and sound during the tornado. But it was frightening because 20 
minutes before the tornado, she was still driving. When she got to the fire station, she 
could not drive any further. So she stayed in the fire station until the tornado warning was 
clear. She has no intention to move to other places, but about 5-6 families she personally 
knew moved out. Among them 3-4 families moved back. 
“Lola” (White female, around 80s) was at home taking care of her husband when 
the tornado came. She remembered seeing two tornadoes back to back passing her 
neighborhood. She was sitting on the floor with her two dogs beside her husband. When 
asked why she did not seek covers like basement or closet, she said her husband had a 
stroke and cancer. He could hardly get out of his bed. So she kept his company. Her 
husband passed away in October 2011. Nothing was destroyed in her house. Her best 
friend was almost killed and her best friend’s sister was killed, as she knew. She has no 
intention to move, but she knew 10 families moved out of town. 
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“Taylor” (White female, 20) is a college student; she had lived in Smithville her 
whole life. When the tornado came, she was studying for her exams. She remembered 
hearing the sound of tornado, “it’s like thousands of horses, or trains. Huge roar.” Her 
parent were standing outside and watching the tornado. She took her little brother and hid 
in the closet. She introduced to me what happened to the town after tornado. “Piggly-
Wiggly is gone. Town Hall is gone. The only eating-place is town is gone. The football 
field of middle school was hit. I’ve heard the score board ended up in Alabama.” Taylor 
has no intention to move out and plan to stay here with her family. “If it’s gonna happen, 
it’s gonna happen.” She knew her mom’s friend has moved to Fulton, which is very near 
Smithville. 
“Ms. T” (White female, 48) lived here for about 17-23 years intermittently. She 
was in her trailer when the tornado came, then she realized that she had to find shelter. 
She went to her mother-in-law’s stone house. She did move to some place near Memphis 
after the tornado. It was very convenient and flexible for her as she lived in trailer. 
“Sometimes it is better be wise and move away,” she said, “but you can never run from 
nature.” Her niece and her niece’s grandmother also moved out of town. 
The remaining seven respondents whose words I did not quote here have little 
experience with tornadoes. Six of them were not in Smithville when the tornado came. 
One was in town but barely affected by the tornado. Overall there seems to be close to 50 
percent of the population migrated from Smithville after the devastation by the tornado in 
2011. 
In sum, according to the respondents, the most popular reason for people to stay in 
Smithville is home-attachment. They wanted to stay where they used to stay, close to 
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family and their social circle. Four respondents described them “been here since born”. 
Seven of them have family or relatives in Smithville. “Home” and “House” appear 
frequently in manly respondents’ answers. All respondents stayed here have properties. 
On the contrary, both respondents who chose to move were not born in Smithville. Both 
of them have no properties in Smithville. “K” owns business in Smithville but in a rented 
firm. “Ms T” lives a flexible life and lives in trailer.  
Combining results from regression analysis and interviews, the null-hypothesis 







During the long history of internal migration of United States, natural calamities 
have been acting as an important pushing factor. Among all natural calamities, tornado is 
one of the most frequent and destructive ones that may deeply affect people’s migration 
decisions. As research considering how tornadoes are influencing people’s decision of 
migration is very rare, this research is conducted to help state the relationship between 
tornado and migration. 
     Although tornadoes nearly cover all United States, according to tornado data 
from SPC, some parts are more prone to encounter tornadoes than other parts. Tornado 
Alley is defined as such a high-tornado risk area located mainly in the Southeast and the 
Great Plains. In this study, the Tornado Alley was used as a general reference for study 
area, and demarcated tornado hot spots based on total length of tornado during the study 
period using a hot spot analysis. Length of the tornado path seems more realistic 
estimation of severity of tornado impact in terms of damage it causes than just the 
number of tornadoes. It is more convenient to use tornado hot spots than Tornado Alley 
because tornado hot spots are defined at the county-level, which is in line with migration 
data from IRS used in this study. 
This study was conducted with following objectives: to delineate tornado hot spots 
in the US; to analyze the internal migration patterns in Tornado hot spots and in rest of 
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the United States; and to analyze the role of tornadoes along with socioeconomic factors 
in people’s decision to migrate in and out of tornado hot spots. 
Tornado hot spots were identified by using Getis-Ord Gi* clustering tool (also 
known as hot spot analysis) in ArcGIS 10.2. Using tornado length within each county as 
inputs, the hot spots were created. A total of 745 counties were classified as hot spots and 
reaming 2370 counties were classified as non-hot spots in the lower 48 states in the US. 
With tornado hot spots and non-hot spots defined, migration patterns between hot 
spots and non-hot spots, and between regions in hot spots and non-hot spots were 
analyzed. According to the results, migration effectiveness from hot spots to non-hot 
spots had been negative from 2004 to 2009, which means tornado hot spots were losing 
population to non-hot spots all the time. ME of hot spots are significantly different from 
ME of non-hot spots. In each region, non-hot spots are gaining much more population 
than hot spots, especially in the Southeast and the Northern Plains, the two regions with 
most hot spots. These results suggest that in addition to socioeconomic factors, tornado 
intensity has also played an important role in migration decision in tornado hot spots. 
Multi-variate analysis indicated that tornado hot spots and other geographic 
variables all make a great contribution to migration effectiveness. Regional differences in 
migration pattern was shown clearly in this analysis where the Southeast dominated by 
attracting more people. Among socio-economic factors, age, race, employment, income 
and house ownership are all significantly affected migration patterns. As socioeconomic 
factors are more related to regions, it is more likely that the South is gaining population 
more because of its growing economy than environmental factors. The study results 
indicated that within the Southeast tornado hot spots had negative ME.  The result also 
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indicates that counties with more senior people or with more Black and Hispanic or Latin 
people tend to lose population. The elderly may want to find places with more amenities 
for retirement, while in Black-intensive or Hispanic/Latino-intensive areas, people are 
more prone to find job opportunities in other places. 
Interviews of residents in Smithville, MS which was devastated by the tornado in 
2011 clearly show that socio-economic factors play an important role in people’s decision 
to move or not even when the natural disasters like tornadoes create significant damages 
to their property and lives. In all 17 respondents interviewed in this study, only 2 people 
moved out of Smithville because of the damage caused by the tornado. Eight personally 
know someone from their neighborhood that moved out of Smithville because of tornado. 
Most respondents never considered moving to another place because of the attachment 
and love they have for their home and for the city where they grew up. “Home” and 
“house” are very important to them. This result has similarities with other research on 
migration (Brown and Cromartie 2006; Ambinakudige et al. 2012) 
In sum, this study, for the first time delineates a hot spot of tornadoes using county 
boundaries and tornado path lengths. Since, many socioeconomic, natural and weather 
related data are provided at the geographic unit level such as county, this new boundary 
of tornado hot spot will be useful for further analysis. County level planning for natural 
disaster preparedness plans will benefit from this newly defined tornado risk areas.  
 The results support that tornadoes do influence people’s decision to move or not. 
But at the same time, this study also identified other common push and pull factors of 
migration in the United States. The important finding of this study is that the South is 
gaining population in general but tornado hot spots with in the South are losing 
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population to non-hot spots.  Within the tornado hot spot there is a significant movement 
of people, but when looked at the migration flow between hot spots and non-hot spots 
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